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SMALL PIAQUE MITAi'ZSo 0? s sn 5I VIhUS

Annales de l'Institut Pasteur Cl. Hannoun, J. Asso
(U=3al of tWe PasE;W InsiUte) and P. Ardoin
Vol 107, Paris (with the technical
November 1964 assistance of
Pages 598-603 N. Bersot)

The plaque size of certain viruses is variable when the virus is
grown according to the technique of D'ulbecco or its variants. Since
plaque size is a genetically controlled factor, it is a useful rarker in
the study of, for example, thp poliomyelitis virus1 0 , Coxsackie , and
vesiculary exanthema in swine. Variability in this factor has also been
observed in certain viruses transmitted by arthropods (Arbovirus).

Quersin-Thiry in 19617 described the existenze of the two kinds of

plaques produced by the WEE virus grown on chicken embryo cells, The two
kinds of plaques are reflective of nutritional differences in variants ofKthe virus: these differences include serum concentration, bicarbonate
concentration, and certain growth factors. UshiJima et al.9 in 1962

.observed the appearance of plaques of varying size in the later-generation
descendants of viruses from an ancestral large-plaque clone. They isolated
two variants which produced, respectively, plaques of 2 mm and 8 mm diameter
after L8 hours of incubation. These variants were identified by sero-
neutralization as being of the WEE virus type. Similarly, Marshall et al. 6

in 1962 observed the production of two sizes of plaques in their stock of
the WE virus, the larger size being the less frequent. Their study
showed that wild-type WE virus will produce large plaques regularly on
egg and less regularly on mouse. However, when the virus is grown on
tissue culture cells, the small size plaques predominate. According to
the authors of that study, this phenomenon is due not only to conditions
of the media, but also to a process of natural selection on a variable

population.
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We observed a similar phenmenon with a strain of sindbis virus
(another virus of Group A of Casals)l and ve attempted to separate and
identify these variants in order to ascertain if t he properties of thei: iriOUS that bad produced these various types of plaques were tans-

I- itred to their descend~ants.

MATERLALS AND ETH0DS

F 1. VTRUS. The typical virus strain used (Sindbis Eg Ar 339) was
- obtained frcm the Rockefeller nstitute, (r Canals). t _

"- va isolated in 1952 by Taylor fram mosquitos from the Nile
delta,- and is the typical strain currently used by numerous
laboratories for serologic examinations. The material on
which we based our work, was the twelfth passage on mouse
brain.

2. PLA The plaque Uechnique used was as previously described by
-. TEaQUE. Hannoun and Pantbier 3 with the following modifications: the

embryoac extract was replaced one part per hundred with
.. O%-concentrated vitamins for the Eagle's medium; 6 0m.
pharmaceutical bottles were used; and the duration of
incubation Oor the adsorption of the sindbla virus wer one
hour.

-3, CLONES Plaques fr<= stock cultures were chosen 1 :r non-crowded
. areas in the stock culture. -Samples from these plaques were

-.- taken with a-Pasteur pipette curved at the end in such a
_.imner hat no contamination was encountered in tbe-transfer.

the sample to the-culture media, Samples thus taken were

Spended in 1 al Hanks solution prior to re-inoculation on
pla*e me or transfer to normal c utU med.ia.

MULTh

1. Apearance of Different Types of Plagues.

Upon the production of plaques with the Sindbis strain, the
appearance of two kinds of plaques was observed. One type appeared
after 24 hours and enlarged continuously until the diameter approached
or exceeded 20 = (figs. 3 and 4). The other type appeared more slowly
(after 4 hours or more) and did not attain a diameter greater than 3.
f igs.- 1 and 2).

* tI. Separation of Small and Large Plaques.

The re-inoculation of mall plaques onto new plaque media, using
the same method, G.-ie rise only to =al plaques (p), in which the virus
bas a descendance in whbch all plaques produced are mual and very
bhmogeneous in nature. To the contrary, the re-inoculation of the large2I.
S-2- J
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plaques onto new pIaque media produed mainly large plaques, but also a
nmall rmber of small plaques. Three successive re-inoculations were

carried out for the descendants of each of two different plau;es frcm
the original stock culture, obtaini thus four- sub-linqs re-inotulated
(cloned) three times: GI G2 , Pi p2 (g. 1).

- 0
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Legend: 2.. Ist Ceneration
2. 2nd generation
3. 3rd generation
4. p = smaI I-plague type

ae t .p et5. g t large plaque type

. . 1I1. Characteristics of the sub-lines G =nd,.

de bifferentiatin character between the two sub-lines is theevolution of the size of the plaques produced. This evol'ution J-, renpre-
I sented in fig. 2 which shows the gro- ;h of the topau e as a

fucticn. of time: it was observed that the G (large) plaquec. Crew
• rapidly over a long period of time, with a rather large variance in the

final plaque size as seen after eight days. There appeared to be inter-
ference between closely-situated plaques, since these plaques generally

gave rise to the sall r diameters in the range of diameters found for

"I
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the large plaque type. At times, closely-situated plaques appeared to
merge completely. On the other hand, the p (cmall) plaques grew slowly
for two days at most, and did not appear to grow after this period. The
p plaques stabilized between 2= and 2:m.

The 0 plaques vare perfeetly round with very crisp borderg, +he
margin sometimes being slightly more colored than the neighboring ceils.
To the contrary, the p plaques did not have well-defined borders and had
no definite shape. Their color was generally clear, with the general
appearazce of a halo.

(D I - 2 34 5,6 7 8

Ii
[: Legend:

Lee 1. diameter in millimeters

....IV rooortions of Small end Large Plagues.

The percentage of small plaques depended on the method of prenara-
tion. Table 1 shows the actual numbers of G and p plaques in the original
stock and in the sub-lines.

These results were obtained with incubation for one hour at 370C.
It was observed that the proportion of p plaques in the original stock
was considerable and that this proportion decreased as selection ,.as --ade

for the larger G plaques in the sub-lines. The proportion of n plaques
in the re-inoculations from the G sub-lines was _All but constant, even
after three and four generations. Because of the unlikelihood that this
small but constant reappearance of p plaques could be due to simple

j continuing intermixture of p virus particles in the 0 plaques, a
spor"taneous mutation was probably occurring, in the direction G p.
According to Table i, the mutation rate appeared to be on the order of

2 -
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MIM.S ION

The present study/, us4ng the Simitis virus, encox~ter~d a situation
very CcMprab-e to the one described lby aarsball et al.. which concernaed
the I = virus. At leaot tw6o types of plaques vere found: one type-
~correzpondin&, to a mutant virus "fixed" on a character for zmalThc~s (p),
and another type corsponding to the wild. stock, capable of undergoing

-a mutation vhich reduces its size considerably and transforms it into
the smaller type. 'The rate of mutation appears to be constant and. is
reproduciblec experimn-ly With ohrvi ues the mall pau

inutavior" ofer obacmaidb an attenuation ofth pathogei owro tee grain
pteny a wind-tplivirusis andou Coxsbte) tNe su 'ch enion rist
la in -lahes - I mtates, ht thbeig00 movrtality folnd e i n e mricecicecells favors themutant strn, and since th utsi rtei utippoclabeit the mutant valpau viru can, ,ucl :re hen f.actor

pla,,te wild typevru isa waithut dutntb sotil themelives rice leo

* rapidly, and thus several days must pass before the mutant strain produces
noticable plaques.

For the WE virus, however, Marshall et aJ.6 found that this was
not the case: when inoculation was made on chicken embryo or on chicken,
the large plaque a predminated. This predmnhance perhaps aceoutc o
the coaservation in nature of the large-plaque type as the wild strain
of the WEvir-us.



SECAPITULATION

In embr -o cell cultures in gel mediu infected ith the OSndbis
virus, two types of plaques appear: large (0) and Small (p) plaq=s.
The G plagues appear in 24 hours and grow until they attain a diameter
of more than 2Qmi. The small plaques (p) appear after 48 hours but

o never attain a dIameter exceedirg 3. After three successive re-
inr=',latioa stable su:4-lines of tbe p type are obtained, while the G

:ub-~inea always give rise to a yred=inance of G but a =all, constant
percentage of p p. =w. Lne interpretaion of -his-phenomenhon is that- -
a-mutation iss- ontaaeous2y occurring, giving rise to s3.l-plaque
mutants from clones of wild-type, large-plaque viruses.
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